Purpose: Although abdominal computed tomography (ACT) has high sensitivity and specificity in helping to detect appendicitis in pediatric patients, diagnostic challenges still exist for some cases despite undergoing ACT, and negative appendectomies still persist. The aim of this study was to elucidate some ACT findings that support true appendicitis for patients who had inconclusive preoperative ACT findings. Patients and methods: For the 49 patients whose preoperative ACT diagnoses were inconclusive (ten negative appendicitis; 39 true appendicitis), the ACT findings were retrospectively measured for the following features: appendiceal enlargement, presence of appendicolith or hyperdense materials in the appendix, periappendiceal fat inflammation, periappendiceal fluid collection, appendiceal wall thickening, appendiceal gas, and right lower quadrant lymphadenopathy. These features were compared between true appendicitis and negative appendicitis cases. Results: The presence of an enlarged appendix of diameter .8 mm or periappendiceal fat inflammation strongly correlated with true appendicitis, while the absence of appendiceal wall thickening or mesenteric lymphadenopathy correlated with negative appendicitis. Conclusion: If the ACT findings were inconclusive for patients suspected of having appendicitis, factors such as periappendiceal fat inflammation, an enlarged appendix, appendiceal wall thickening, and mesenteric lymphadenopathy should be cautiously assessed to discriminate true appendicitis from negative appendicitis.
Introduction
Acute appendicitis is one of the most common causes of an acute abdomen requiring surgical intervention in children. Traditionally, because of concerns regarding radiation hazards, ultrasonography (USG) has been the usual modality of choice for radiological diagnosis of pediatric patients suspected of having appendicitis. Currently, because of its convenience, readiness, and diagnostic accuracy, abdominal computed tomography (ACT) is increasingly utilized to help diagnose acute appendicitis in pediatric emergency departments. 1, 2 Although ACT has high sensitivity and specificity in the detection of appendicitis in pediatric patients, diagnostic challenges still exist for patients who have undergone ACT, and a negative appendectomy is sometimes unavoidable in such cases; the current negative appendectomy rate is #10%. 3, 4 On the basis of ACT findings, Stengel et al 5 classified the likelihood of appendicitis into five grades: grade 1, definitely not appendicitis; grade 2, nonvisualization of appendix with no secondary signs of inflammation; grade 3, equivocal; grade 4, probable; and grade 5, high possibility of or compatible with appendicitis. Using this classification, only grade 1 or 5 helps provide a definitive conclusion for surgeons, and the remaining grades suggest weaker or stronger clues regarding appendicitis; thus, the final radiological diagnosis remains inconclusive.
In this study, to avoid unnecessary negative appendectomies, we aimed to elucidate some ACT findings that support true appendicitis for patients who had inconclusive preoperative ACT findings regarding a definite diagnosis by comparing the ACT findings between pathological true appendicitis and negative appendicitis cases.
Patients and methods Patients
The medical records of a total of 400 pediatric patients who underwent an operation for acute appendicitis between January 2007 and December 2014 were retrospectively reviewed. Of these patients, we excluded the following patients: patients who had undergone only USG (n=58) or had no imaging evaluation (n=29) before surgery, and those who had atypical appendicitis (tuberculous appendicitis, n=1). Among the patients who had undergone ACT before surgery, patients for whom a definitive diagnostic conclusion (defined as Stengel grade 1 or 5 according to Stengel's 5 classification) could be obtained were excluded (n=263) after reviewing the original radiological reports, and inconclusive cases (defined as Stengel grade 2, 3, or 4) were enrolled in the final analysis (n=49, study group). According to the pathological reports, 49 patients in the study group were further divided into a true appendicitis group (n=39) and a negative appendicitis group (n=10).
Assessment of ACT findings
For the 49 patients in the study group, the ACT findings were retrospectively assessed for the following features: appendiceal enlargement, presence of an appendicolith or hyperdense materials in the appendix, periappendiceal fat inflammation, periappendiceal fluid collection, appendiceal wall thickening, appendiceal gas, and right lower quadrant lymphadenopathy. The diameter of the appendix was measured from the outer to outer walls, and the appendix was considered enlarged if the diameter was .8 mm. 6 Appendicolith was defined as an intraluminal lesion that demonstrated a high density, a density similar to that of the adjacent bone. 7 Hyperdense material in the appendix was defined as an intra-appendiceal lesion that showed up as a hyperdense lesion as compared with the adjacent bowel wall. Wall thickness was measured from the luminal surface to the serosal layer and was considered to be thickened if it measured .2.2 mm. 8 Lymphadenopathy was defined as an enlarged node measuring .8 mm at its smallest diameter. 9 
statistical methods
All the measured features were interpreted as dichotomous variables. Statistical analyses were performed using SPSS software, Version 18.0 (SPSS Inc., Chicago, IL, USA). Dichotomous variables were compared using the Student's χ 2 test between the true appendicitis and negative appendicitis groups, and significance was assigned at a P-value of ,0.05.
ethics statements
This study was approved by the Kangwon National University Hospital Institutional Review Board (KNUH-2015-08-003). This review was conducted in accordance with all guidelines stipulated by the Declaration of Helsinki. Because no interventional experimentation whatsoever was involved and the study was retrospective, the Kangwon National University Hospital Institutional Review Board decided that written patient consent was not required.
Results

Patient demographics
During the observation period, 400 patients underwent an appendectomy, and of these patients, 46 were considered negative appendectomy cases; thus, the overall negative appendectomy rate in our institute was 11.5%. In the study group (n=49), ten patients had a negative appendectomy, and the negative appendectomy rate was 20.4%. There were no statistical differences between the negative and true appendicitis groups in terms of age and sex ratio. One patient in the negative appendicitis group underwent a complementary USG after ACT, and one patient in the true appendicitis group underwent ACT after an inconclusive USG. Most of the cases had simple appendicitis in the true appendicitis group, and in the absence of histological evidence of appendicitis, various conditions were observed, such as lymphoid hyperplasia or serosal congestion, in the negative appendicitis group (Table 1) .
ACT findings
The mean maximal diameter of the appendix was 9.5 mm in the true appendicitis group and 6.7 mm in the negative appendicitis group, and according to the definition of appendiceal enlargement (.8 mm in maximal diameter), only one case (10%) had an enlarged appendix in the negative appendicitis group, while there were 29 cases (74.4%) in the true appendicitis group; the difference was statistically significant (P=0.000). Periappendiceal fat inflammation or fat stranding was observed in only one patient (10%) in the negative appendicitis group and 32 patients (82.1%) in the true appendicitis group (P=0.000). Appendiceal wall thickening was observed in all patients (100%) in the true appendicitis group and in six patients (Figure 1, 60% ) in the negative appendicitis group (P=0.001). Mesenteric lymphadenopathy was observed in 38 patients (97.4%) in the true appendicitis group and six patients (Figure 2 , 60%) in the negative appendicitis group (P=0.004). For the other measured findings, there were no significant differences between the two groups. The ACT findings are summarized in Table 2 , along with their odds ratios and 95% confidence intervals.
Discussion
In the past, acute appendicitis was a disease diagnosed using physical examinations and laboratory tests, and a negative appendectomy rate of #40% was acceptable for children. 10, 11 Today, the negative appendectomy rate has greatly decreased because of advancements in USG and ACT, but inconclusive cases still occur; the current negative appendectomy rate is ,10%.
12 The aim of this study was to elucidate ACT findings that would be helpful in differentiating between true and negative appendicitis for inconclusive cases after ACT.
During the study period, the overall negative appendectomy rate in our institute was 11.6%, which was similar to or slightly higher than that of other studies. 12 However, it jumped to 20.4% in the ACT-inconclusive patients in the study group, implying that a more refined interpretation of ACT findings is necessitated for suspected appendicitis in children. The ACT diagnosis of acute appendicitis has usually been based on the visualization of an appendix .6 mm in maximal diameter, with contrast enhancement in the thickened appendiceal wall and/or pericecal inflammatory changes, or on the visualization of an abscess, with or without an appendicolith; 13 one study has described the imaging features of USG and ACT for negative appendectomies in children. 8 Taylor et al 14 concluded that isolated ACT findings of an appendicolith without an inflammatory sign or minimal fat stranding were not sufficient signs for the diagnosis of appendicitis. Trout et al 15 showed that nonvisualization of the appendix was not related to accurate diagnosis of appendicitis because the smaller volume of intra-abdominal fat in children may contribute to the relatively low rate of normal appendix detection at ACT. 13 More recently, Kim et al 16 reported on some ACT findings that led radiologists to misdiagnosing acute appendicitis. In their study, Kim et al, 16 found that radiologists frequently misdiagnosed acute appendicitis if an appendicolith or hyperdense materials were observed in the appendix, and the presence of periappendiceal fat inflammation was a key finding that helped to avoid operating for negative appendicitis in indeterminate cases. However, the studies mentioned herein were just descriptive studies showing the frequency of various findings in negative appendectomy cases; the findings observed were not compared to true appendicitis cases to validate statistical differences. In our study, we measured various factors suggestive of acute appendicitis in a true or negative appendicitis group and validated the statistical differences. In this study, the presence of an appendicolith or intra-appendiceal hyperdense materials was not a determinant factor for diagnosing appendicitis in inconclusive cases, but the presence of periappendiceal fat inflammation was a key determinant. Moreover, appendiceal enlargement, appendiceal wall thickening, and mesenteric lymphadenopathy were also determinants for true or negative appendicitis.
Therefore, if confronted with an inconclusive radiological report, physicians should consider the presence or absence of these findings as a guide to make a final decision regarding surgical intervention. Using these ACT criteria to diagnose appendicitis, Poortman et al 17 observed no inconclusive ACT cases when an initial USG was negative or inconclusive. However, the study was conducted in adult patients and therefore those results could not be extrapolated to pediatric patients who have unique anatomic characteristics.
Although we found some determinant findings regarding inconclusive ACT findings, these results should be cautiously interpreted. True appendicitis was diagnosed in 32 of the 33 patients with periappendiceal fat inflammation and in 29 of the 30 patients with an enlarged appendix. Therefore, for cases with inconclusive ACT findings, the presence of periappendiceal fat inflammation or appendiceal enlargement should be interpreted as a positive indicator of true appendicitis. If inconclusive ACT findings were lacking with periappendiceal fat infiltration or appendiceal enlargement, then one should consider the possibility of a negative appendicitis case. However, appendiceal wall thickening or mesenteric lymphadenopathy was present in 60% of negative appendectomy patients; all four patients who did not have wall thickening and four of the five patients who did not have lymphadenopathy did not have histologically proven appendicitis. Therefore, the absence of these findings has greater clinical implication, indicating negative appendicitis, and clinicians should not be misled to a false-positive diagnosis of appendicitis just with the findings of appendiceal wall thickening or mesenteric lymphadenopathy.
In an effort to reduce radiation hazards while enhancing diagnostic accuracy, various protocols have been implemented for diagnosing pediatric patients with appendicitis. Recently, staged USG and ACT protocols have been used for achieving 
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Inconclusive abdominal cT and appendicitis such goals. 18, 19 In this protocol, USG is performed first for patients suspected of having appendicitis, and follow-up CT is recommended if the USG findings were equivocal; the negative appendectomy rate was 8.1%. Recommending ACT as a first-line radiological evaluation is not a key message in our study, and it has already been proven that the increasing utilization of ACT does not decrease the negative appendectomy rate. 20, 21 We also believe in the policy of reducing radiation exposure as much as possible, and the purpose of our study was to provide some clues to help differentiate true and negative appendicitis for patients with inconclusive ACT results. As an alternative to ACT, magnetic resonance imaging (MRI) has been shown to have better diagnostic accuracy without the risk of radiation exposure and might supplant the role of ACT in pediatric appendicitis. 22 Although we could not use MRI in the diagnostic process due to the limitation of the payment system, further studies are needed to clarify the role of MRI in cases of inconclusive ACT results.
A problem still exists regarding what to do for patients clinically suspected of appendicitis but who have inconclusive ACT findings, suggesting negative appendicitis. In this study group, we had diagnosed patients with appendicitis and performed appendectomies on a clinical basis. Modahl et al 23 had reported that leukocytosis and elevated C-reactive protein (CRP) level were indicators of a positive ACT yield. More recently, neutrophil-to-lymphocyte ratio (NLR) has emerged as an alternative marker of systemic inflammation and has demonstrated its utility as a diagnostic marker of childhood appendicitis. 24 Although we did not assess these laboratory values and follow-up imaging after inconclusive ACT findings in this study and despite acknowledging that the diagnosis of acute appendicitis is not solely dependent upon radiological examination, we would recommend interpretation of these inflammatory markers (leukocytosis, CRP, and NLR), along with short-term imaging and clinical follow-up, rather than surgical exploration. Active clinical observation can increase diagnostic accuracy without increasing morbidity and mortality from appendicitis in suspected cases. 25 Additional studies are necessitated regarding inflammatory markers and followup imaging with either ACT or USG for patients who have inconclusive ACT findings upon initial examination.
Conclusion
In summary, we sought to determine some ACT findings that would be suggestive of true or negative appendicitis for pediatric cases with inconclusive ACT results. We found that the presence of either an enlarged appendix of diameter .8 mm or periappendiceal fat inflammation strongly correlated with true appendicitis, and the absence of appendiceal wall thickening or mesenteric lymphadenopathy correlated with negative appendicitis. For cases with inconclusive ACT findings for suspected appendicitis, we could further decrease the negative appendectomy rate in children by combining these findings.
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